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CARRAGSENAN, NATURE'S MOST VERSATILE HYDROS PL 10 ID 
INTRODUCTION 

Carrageenan, as most of you know, la a generic tarsi referring lQ 
the family of water soluble sulfated galactan extracts of eerta^ 
types ot rod seaweeds or mficroalgae (Rhodophycteo.) , The name 
came from the County Carrageen on the coast of Ireland where 
Chondrua criepua , better known as Irish Moss, was an article of 
commerce in the 1800*8, Since then, "carrageenan" bearing voeiia 
have been discovered all over the world, from frigid waters of the 
Maritime Provinces and Kew England to tropical lagoons in the *hu„ 
ipplnes. Commercial quantities are also harvested from the ahorse 
of Spain, Franca, Argentina, Chile and Korea. In the Philippines, 
Sucheuma apinoflum and _Eucheuma cotconll are now farmed as a result 
of the cooperative efforts of educational, governmental , and In- 
dustry groups in the Philippines and the United States. 

Carrageenan is similar In some reepectfi to the animal aucopoly- 
eaccharidee such as haparin and chondroicln sulfate, and ejthibics 
many of the same properties including anti-coagulant .act lvity • 
The key to carragoenan activity Is molecular weight. Products ere 
available in the range from roughly 10,000 to one million dalcona. 
In general, mast carrageenan products are in the range from 
lOOpOOO to 500,000 daltons, Carrageenan finds wido use In di- 
verse applications including! toothpaste, lea cream, chocolate 

i 

milk, low calorie jellies, milk puddings, pat foods, pharmaceu- 
tical and industrial suspensions, anti-ulcer treatment, shampoos, 
creamg, lotions, o/w and u/o emulsions and many others, 
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as you can see from Figure l, there are three pairs or si* majfl 
fractions representing Idealised structures of carrageenan. t 
nature, they exist i n eortiutlwi. A balanca of one or ™re 
pair, are present in eac h plant type. The fractions on the Uft 
tmu, n», and lagbdaj can be COOVCrted co th£ir c „ respondillg 
fraction (ka^na, lota or tfceta) by alkalis „r enryme »odlfi ca . 
tion, »hich cloaca the 3.6-anhydro ring. As I said, a given planc 
type can contain one or more pairs. These pairs are found by 
twelve* andml* fld , individual BO i ecule3l ox aa cognations ^ 
the same molecule. One common combination ls kappa with iota 
moieties, and le referred to aa knppa -2. 

Aq ueous Properti e s , Carrageenans, depending o* typo, form ion de- 
pendent gels or impart viacoeity to aqueous solutions. In generai. 
carrageenan* exhibit modarato to relatively low «ater viscosities,. 
Most commercial products fall in the range from 25 to 500 mPa.s 
Vith the majority in the range from 25 to 100. Native lambda , 
however, can develop viscosities a8 high aa 20,000 mPa-a. Dnfor- 
tunately, pure lambda-bearing «ecde are commercially unavailable 
and even if they were. It is uneconomical to recover such high 
viscosity materials by alcohol precipitator or any other means 
we are presently avare of. 

The water gelation properties of carrageen** 2 are even more varied, 
Unmodified fractions, mu, nu and lambda , along with theta, are 
nongtlling. However, completely unmodifiod fractions exist oaly 
la theory leaving lambda theta material as the only truly aon- 
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U i*| *«»««*«■ On the other- hand, the »< IflU *«e- 

" lP ,a for. strong water gels, at concentrations as low as 1% and 

^icularly vhen cut. Io» g eU, by central, are U»ibL, «- 
liXient, and .erv drv . Tha combination of these nappy circus 
1 itweMf *llov the formation of ««r f.l. -itb J«t .bout any 
parties desired ranging fro. sparkling clear water dessert 
gels and lo- calorie jellies to air freshener S als and cll- 
^obili.ation Mi U J . lota for.. fcels at concents 

tm « 1« - 0.3% (Wv); Ua^ carrageens* will .el as low a, 
0.52 (w/v). 

C»«.«« »«. E el B at* Che«ally revexaible «d .« -«^T 

taflt fro* . ■« «* "° led » 36C - H ° UeVCT ' ^ 

al60 ,a .^«U,..« similarly to annate. Ta,in S advance 
o£ th e fact that tho sodium ..It. of JmEft «■ ioj* «. cold 

v* «,j s without heat and set 0? the 
water soluble, solutions can be aade without 

8dditl o« of ealciu. - the » S e of iota, ond ,o».-i». 

3 to 5 , of tha .ei 6 ht of Cho »,»,*«»>• Cell i-bi- 

11B .«.. technics u 3C this .othoo to for* 8 ela, avoidin, tha us. 

of iathall, high t«,.z.t«»« which «ould be oth.«±-. ra,uixad. 

fa* set with other cations including 
Carragaenan gels can also be set witn 

hiflher concentrations of "salt are 
godinm but substantially higner 

needed > 

Lov concentration (0.5* to 1.0*) UU -l- >~ aaaitionall, !*- 
« r aecln 6 , because the, can bo eaail, bx.,« «.«*». • 
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tropic 6 ol characterized by a low yield point. The result U 
extremely effective suapension »cdi um . Very de ns<4 pateicie//" 
« cerium oaide, have been suspended permanently in * ""^ 
poutafcle acata. 

Freeze-thav properties of carragae OBn i ere also varied. Iotft 
"rragoanan gels are 8enerolly unaffectad fcy £reeee _ £hav 

»>x M «o M . gel,, on the other hand, f racture and 
Xn fact, thi 8 method, the "gel" pres* technic, has been e TOplo ^ 
CO prod.ee Jcaj^ carrageens, analogous to agar-agar, the 8affie 
method will a i B0 fractionate ka^a from lambd* the aame aS as „„ 
agar is fiepara ted from agaropeccln. Iota carrageenan, natural^, 
cannot he concentrated in this manner. 

lambda carra B eenan F although nonfiling, has excellent fraeze-thev 
propertioa in that its solubility is not af footed by freezing, As 
a result, producta containing lambda are used extensively aa 
freezo-thaw stabilizers. Carregeanan has also been fonnd affect- 
iva in preventing the migration of eubatances such as colors, 
flavors, and oven antibiotic* ln frozen products such a 3 ice-pops 
and commercial froazer ice. Other common applicationa include 
frozen coff ee whitaners, natural and imitation whipped cream, and 
plzso sauces. 

Because of thfl high charge den£icy of caIrflgftenfin l£ acCg fi£ m 
disperse, particularly In very low molecular weight form. 
Standard comnarcial producta also W G this property. At lov con- 
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centrations in chocolate drinks, carrageenan prevents the cocoa 

£r on hard packing* allowing sasy redistribution. Ac higher 

levels the carrageenan will suspand che cocoa permanently in both 

dairy and nondairy systems, At the samo time, the carragecnan 

prevents the separation of any fats which may bo prasont- This 

ability to disperse has-been applied to pigments and ^soluble 

5 

ealte such as barium sulfate used la X-ray contrast media - 

The high molecular weight, anionic nature and long chain lengths 
of csrrageonan have bach employed to aid in the precipitation of 
auch moiotins as proteins 6 and lactose from whey, proteins from 

a 7 

waste waters and even common salt f 

Protein Reactivity . Undoubtedly, the most interesting and useful 
aspect of carragaonan functionality ia Its protein reactivity. 
Generally, when a protein's molecular configuration is open or 
"denatured," carragecnan will react with ic* The degree of re- 
action will depend on a number of conditions- First.! the type of 
carrageenan, that is the degree of sulfation or fractional type, 
the molecular size and the P H of the aystem. Above tho isoelec- 
tric point of the protein, the reaction is generally mild result- 
' lag in lncraaatd viscosity or gelation. At or below the iso- 
electric point of the protein the reaction is strong invariably 
resulting in' coprecipitation . Both conditions are very useful as 
ve will see, 
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MILK SYSTEMS 
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7 to 10 mPa.fi - the two competing reactions Interfere with each 
other resulting in a much diminished milk gel capability. 

The measure of the effectiveness of carrageenan when ue.ed in milk 
systems is the level at which it is used, In puddings and pic 
fillings use levels aro in the range of 0.32 corn-pared to 3% or 
m0 re for starch and gelation. In chocolate milk, carrageenan sus- 
pends cocoa and prevents fat separation at use levels around 
0,025* (250 ppm). In commercial ice cream ic prevents whey sepa- 
ration due to the presence of other stabilizers at levels of about 
150 ppm. Finally, in evaporated milk, it stabilizes the fat vith 
as little be 50 ppm. 

It seems appropriate at this point to describe how carrageenan 
stabilizes milk fat. As you probably know, milk fat globules 
possess a surface coating of nature's emulsifler, the protein-like 
lecithin. It is generally believed that carrageenan reacts with 
che lecithin, keeping the associated fac globules in suspension. 
Ae a matter of fact, milk products containing carrageenan do not 
require homogeni2ation< 

Carrageenan milk gels are J»«»lly described ae light and creaay. 
They resemble egg custards and flare In appearance and eating 
qualities. In fact, commercial egg custards and flans arc invar- 
iably made With carrageenan rather than eggs. They ara extremely 
popular Just about everywhere outside the United States, where 
starch puddings are King- However, e ™> he *°> the hlsh " * uallty 
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Tha real problem ia that lambda is not available in a pure form 
or in commercial quantities. As mentioned before, Chondrua con- 
fine around 35% lamb da - Tor this reason Chondrus-baBed products 
have some cold milk reacting properties, but only about a third 
of the product lo doing all the work. AciculariWp . lstlllatA con- 
tains about 10% lambda , but is available only as a byproduct of 
agar production and not in quantities sufficient to be of much 
lomnercial interest, Fractionation o£ Chondrua is possible but 
not practical. 

r.Btn.rlc Applications , Over the years carrageens* has been used 
in lotions, creams and even shampooe not eo much for its rheologi- 
cal properties uhich aro quite good but ranher for Its residual 
properties. By that 1 mean condition* that cosmetic chemists des- 
cribe as finish,' 1 "feel" and 'Vub *ut." Carxageeuan vhen properly 
Elected and formulated leaves the okm vith a soft, smooth finish 
often described a, "velvety" or "quince-liko. - The problem, in my 
opinion, haa boon that carrageenan manuf acturexs have not under- 
wood nor offered cosmetic grade products. On the other hand, cos- 
metic chemists by and large are suspicion* of "natural" products 
and have not understood carrageanan chemistry sufficiently to 
achieve the results they are looking for- 

A recent development 13 has shewn that very lev molecular weight 
(i.e., 10,000-15,000) carrasaenan is substantive to hair koratin. 
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ulcer therapy. It has bocn reported that carrageens* taken inter- 
nally gives very fast and lasting relief to the discomforts of 
peptic ulccts 16,17 . Three separate mechanises have been reported. 
First, a physical protective coating of the hydrated carraseenan' 
ie deposited on tha ulcerated mucous membrane. Second, the eecrc- 
cion of gastric juices is reduced and, finally, pepsin activity 
la diminished. A product tailed Ebimar has been marketed in 
Trance for twenty years of more. The reason for its popularity 
is said to be that the carrageenan treatment docs not require, the 
simultaneous uae of a bland diet and it is further said that 
French doctors have given up trying to keep Frenchmen on such a 
diet. The anti-ulcer properties of carrageenan have =alao bacn 
seriously studied by a number of pharmaceutical companies in this 
country but the cost and risk in attempting to gee an NDA. as well 
as the fact that it is no longer patentable 17 , overshadows any 
profit potential. 

Enzyme Activity . A number of investigators have reported that low 
molecular « D ight carrageenan (as well as heparin, chondroitin sul- 
fate, and dcxtran sulfate) inhibit the activity of the enayme pe P - 
ain 18,19,ao > Gat£ic i d f 0 und that lambda carrageenan has an in- 
hibitory effect on trypsin 21 'and an enhancement effect on the ac- 
tivity of horseradish peroxidase 22 . Lambda has also been reported 
by Sbipe* 3 to inhibit lipase activity in milk. We know that in 

each case variables cuch as molecular weight, fraction type, con- 
centration and temperature have a substantial effect on carra- 

geenan-enzyme reactions. Unfortunately, very little is yet knovn 
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about this potentially important subject. Researchers f or thc 
meet par, don't sufficiently understand carrageens chenlstr^ a&r 
do they have ready access to a ran*e of highly character!*** ^ 
r^li. On the ether eido, carrageenan ^anufacturera k Q0 „ Uttl ^ 
about protein chemistry, i« flioac Cooperative ef fo ^ 

vlll be required to make pro 8 re BB m this important area. 

in concl^i g n , there arc many other facets to the carra B eena n etftty 
which time does not permit u3 Co gD inC0i Some are at this poi nc ' 
rather obscure but nonetheless interesting. Othere have yet to be 
«de public, m addition, it fthottld be re « rte «a that carrage.nl 
is but one part of the overall rad seawecd-hydrocolloid gtory. 
Asaroaa, agar and furcaliaran are cloaaly related Co carrageenaa 
and have many similar as veil as unique properties and applica- 
tions of their own. For these reasons, and .ore, carra^eenan is 
surely nature' 6 mo et versatile hydrocoiloid . 
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